In this paper, we describe an approach to information description and extraction from full-text marked-up documents through ontological support. We introduce two ontologies developed by our research group: PRoles for representing political roles of agents in an event-centric perspective and HiCo for managing interpretation acts as individual hermeneutical approaches to the document content. A special attention is given to the concept of 'provenance' as a way for creating authoritative assertions.
INTRODUCTION
The common approach in text encoding -or markup -in the cultural heritage object description domain reflects the interest of humanities to adhere to interoperability standards, preserving however the richness of content-specific representation, which instead requires personalization of standards itself for each scholarly community needs.
Indeed, the dominant technique in the humanities, attested by the most common Schema i.e. the TEI (Text Encoding Initiative), 1 is currently document-centric [1] , where the flexibility in the descriptive facets prevents the loss of precious information, but limits the semantic portability. The document-centric approach may, as a result, leads to abstain from the creation of a real common vocabulary for exchange and reuse of information that 1 http://www.tei-c.org/. may be of interest for other communities than the TEI one. A high level of personalization in the embedded markup collides moreover with the possibility of a real semantic interoperability in the cultural heritage domain, where other standards are exploited (e.g. CIDOC-CRM, EAD/EAC-CPF, EDM, DC, DC Terms [2] ). The document-centric approach risks to be self-referential and to stand in contrast with the Semantic Web specifications that are moving towards a 'web of data'.
Therefore, there is a common interest in stakeholders to converge into a more data-centric approach in markup phase, refining issues related to identifying entities of interest in full-text documents (i.e. creating authority files) [3] . This approach should take into account more information than the simple authority control; in particular, the context of the entities as pieces of information is a crucial issue. In detail the context refers to any information able to describe the network of relations in which entities are somehow involved. But the context regards also information that is useful to clearly identify entities in the documents where they are attested. We could say that: "for archivists, preserving context is also about preserving the conditions that make documents more meaningful to users" [4] . Embedded markup limits the powerful of contentrepresentation because it tends to lose the deep relationships between encoded elements, as attested in a specific document. Documents have to be converted in data, linked and inter-related.
This compels communities to make an effort to define a formalized, shared and exchangeable model. A model, i.e. an ontology, which attempts to describe extracted information from full-text documents (i.e. TEI/XML documents) will firstly ask an effort in the markup phase, 2 but it will preserve above mentioned richness of description in order to reuse it in a broader Linked Data context, providing at the same time the user a more expressive way to reach and discover new information.
It's not trivial, for example, that lots of information contained in full-text of a document is lost when transforming TEI/XML document in a HTML document, meaning that much of human efforts in markup phase are also lost and that final users do not really appreciate the richness of such resources, because information could be no longer reached and discovered.
Here, the proposal is to demonstrate how such interesting information can be represented from a conceptual point of view through different existing ontologies -each one covering a specific issue related to a multilayers domain as the text encoding is. The aim of the proposal is also to suggest a few of required steps, i.e. a workflow, for extracting such information in an exchangeable and reusable perspective. This approach does not entail a review of current practices or methodologies in text encoding, but it will compel just an additional level of expressivity in data representation, in order to guarantee, in a conceptual dimension, a richer substantial informative potential, otherwise lost. In order to define a conceptual model for converting encoded elements from full-text documents into data we worked onto two different levels.
Firstly we focused on issues related to the description of information extracted from full-text content, with a special attention to person, as a common element that is able to find in a XML/TEI document. We realized that a person has typically a role that is able to connect the person to the document. And the role could change in relation to the document were the same person is attested. At the same time a person has a role in a specific date and possibly in a specific place. This model configures the concept of role in an event-centric perspective: a person has a role in a specific date and in a specific place, connected with an attested event. This model was the base for the PRoles ontology [5] , that we developed in order to describe political roles of people attested in documents. This issue raised questions over importance of provenance assertions i.e. the authorship of information extracted from full-text documents. The importance of what is called 'provenance'
3 required us to reflect on some relevant topics: to define precisely the object wherefrom information is extracted, i.e. the text, and then actors and actions needed for such extraction, i.e. stakeholders' interpretations.
These last considerations opened the research towards a second level of interest: it's necessary to provide a high level description of the process required for asserting something that can be questionable (since each assertion is an interpretation). This activity compels to enable more relations among entities involved in the process and to embody entities from other domains. These principles were the base for creating HiCo [6] , an ontology for managing multiple, even discordant, interpretations in the cultural heritage documents context and content.
In order to achieve a well-formalized description of the domain we intend thus to present these two different ontologies for proposing a framework suitable in description and extraction of information from cultural heritage documents with a special attention to the authorship of assertions. 3 Provenance is a strictly technical word in the archival studies domain, regarding the origin or source of something (information regarding the origins, custody, and ownership of an item or collection) and referring to "individual, family, or organization that created or received the items in a collection". SAA: Glossary of Archival Terminology, 2005, http://www2.archivists.org/glossary/terms/p/provenance. In computer science "provenance is information about entities, activities, and people involved in producing a piece of data or thing, which can be used to form assessments about its quality, reliability or trustworthiness" (PROV-Overview. An Overview of the PROV Family of Documents. W3C Working Group Note 30 April 2013, http://www.w3.org/TR/prov-overview/). In our context the term provenance regards three levels of authorship: the original document (the source); the interpretation (the editor of the source) and the information extraction (the author of the RDF assertion). This paper is organized as follow: section 2 focuses on related works on these topics; section 3 presents the problem of elements' description by introducing PRoles; section 4 focuses the question of extraction of information from texts by presenting HiCo; section 5 is devoted to citations and authoritativeness; section 6 is an introduction to future works.
RELATED WORKS
This research moves from pre-existing ontologies that have been reused for formalizing a model describing the whole workflow. Some of the exploited ontologies are popular in cultural heritage domain, while some others were born in different domains. Some new classes and predicates were created in order to reply to our conceptual model.
The present proposal also moves from studies on similar themes in research fields like prosopography, archival science and history. In particular the FACTOID ontology [7] , which deals with prosopographic information, was the starting point for rethinking and enhancing the definition of an interpretation act. Then the EAC-CPF (Encoded Archival Context -Corporate Bodies, Persons, and Families) ontology [8] was considered as general model for issues in describing people, their relations and the importance of provenance assertions when extracting information from full-text of resources.
The developed PRoles (Political Roles) ontology [5] imports Nary Participation pattern [9] for describing events and PRO (Publishing Roles Ontology) [10] for describing agents holding a role in a time-indexed situation. Proles has been here considered for describing some kind of information extracted from texts in form of RDF triple.
The last developed HiCo (Historical Context) ontology [6] is based on FRBR (Functional Requirements for Bibliographic Records) model [11] , that has been imported for a clear definition of a cultural object, i.e. the text wherefrom information are extracted, and its bibliographic references; certain properties of PROV-O (Provenance ontology) [12] was used to declare provenance of interpretations and to describe some features of the interpretative process; CiTO (Citation Typing Ontology) [13] and PRO ontologies (parts of SPAR -Semantic Publishing and Referencing Ontologies [14] ) have been considered to describe relations among interpretations and involved agents.
The resulting ontologies, HiCo and PRoles, have been developed using the SAMOD methodology [15] , which consists of several small steps of an iterative workflow that focuses on creating welldeveloped and documented models.
As use case, for the both the modeling and the data test, an XML/TEI edition has been used: precisely the digital edition of Vespasiano da Bisticci's Letters 4 [16] , as the better suited example at the current state of the ontologies.
DESCRIBING INFORMATION IN FULL-TEXT DOCUMENTS
We have developed the PRoles Ontology [5] to explore new possibilities in the representation of authority records. The aim was to formalise complex relationships, such as agents' political roles and events in which those agents are involved, with a specific role, as attested in full-text sources. Initial targets were indeed related to sources dealing with historical events and relevant related politicians, in order to describe useful information in archival and historical context. At the same time this approach was adopted in order to define a deeper analysis of relations among people (corporate bodies, families and persons) and documents where they are cited in.
Except specific features related to this restricted domain of interest, PRoles imports and extends two other models -PRO ontology and N-ary Participation pattern -which allow to describe a wide range of information extracted from full-text sources stakeholders can be interested to.
PRO, in particular, describes agents' publishing roles on documents involved in editorial processes [17] . Although this ontology had been thought in principle for an application in the publishing domain, it has been developed so as to accommodate any kinds of specification of roles, independently form the domain of interest. In particular, PRO defines a class to specify roles an agent can holds, pro:Role, and a class for representing role attributions as reified relationships represented by individuals of the class pro:RoleInTime, which allows to describe agents' having a role in a precise interval and within a particular context (such as in some organisation or place, on a document or with respect to other agents).
E.g. We can assert -for any letter of Vespasiano da Bisticci's collection -there are always an explicit or implicit declaration about sender and recipient. These information could be attested in the full-text of the letters, so the editor may decide to extract such information from each letter of the collection. In this way the editor could represent the authorship of messages (i.e. the senders) and the context in which that role is hold (i.e. the letters they wrote). The authorship of the document could be attested in the full-text itself (e.g. the signature of the sender) and the context can be deduced from the provenance of the collection itself (i.e. the creator -corporate body, family or person -is attributed by the holding institution through a finding aid).
A possible formal description, in Turtle syntax, of a role (sender) hold by an agent (Donato Acciaiuoli, recognized with the sigla 'da') in a specific time (28.09.1446), as attested in a document (the item letter 1) could be the follow:
:da-sender-l-1-28-9-1446 a pro:RoleInTime ; tvc:atTime :28-9-1446 ; pro:isHeldBy :da; pro:relatesToDocument :item-lett-1 ; pro:withRole :sender .
In the same way, Vespasiano da Bisticci's role (recipient, acronym 'vdb') can be represented as:
:vdb-recipient-l-1-28-9-1446 a pro:RoleInTime ; tvc:atTime :28-9-1446 ; pro:isHeldBy :vdb; pro:relatesToDocument :item-lett-1 ; pro:withRole :recipient .
Although PRO provides a primary context for relationships describing someone holding a role within a particular context, the description of information that can be extracted from full-text often needs an additional level of contextualisation, like describing agents participating to events (located in time and in space) with a particular role.
In order to enable such descriptions, another model was reused to include agents with relationships in events, i.e., the N-ary Participation ontological pattern.
This pattern describes, mainly, individuals of the class nary:NaryParticipation, which allows to model any object as a participant in an event, i.e., an agent who participates for a specific period of time in an event, holding a time-indexed political role and relating with other objects (agents, places, sources, etc.).
The scenario that we imagine consists in:
 relationships between people;  relations between people and cultural objects;  people's time-indexed roles on objects or people;  people's participation in events with a time-indexed characterized role;  objects involved in a space/time-indexed situation.
So, to continue the previous example, in order to represent the correspondence between Vespasiano da Bisticci and Donato Acciaiuoli we will need a specific event (i.e. the correspondence), the letter, a time interval and the involved agents with their own role:
:correspondence a part:Event . :da-vdb-corresp-l-1 a nary:NaryParticipation ; nary:participationIncludes :correspondence , :da-sender-l-1-28-9-1446 , :vdb-recipient-l-1-28-9-1446 , :item-lett-1 , [ a ti:TimeInterval ; ti:hasIntervalStartDate "1446-28-09"^^xsd:dateTime ; ti:hasIntervalEndDate "1446-12-31"^^xsd:dateTime ] .
PRoles also enables the possibility of specifying provenance data for any kinds of ontological assertions as a crucial value for claiming the validity of such representation. In our domain, the ontological description of agents' roles and related events is always a matter of opinion, since interpretation is an editorial activity. A larger context for roles/relationships implies a restriction on validity of assertions. In fact, a particular description, since deduced from the full-text of a source which declares a specific context for agents' activities, could not be unanimously accepted as the only correct assertion/interpretation, because this has been deduced by someone from a particular source. For instance, a particular assertion about a role/relation, declared by anyone, could be in disagreement with another one, who wants to identify the same role within another context (mined from the same source), or attests it with some variation in another source.
Thus, a meta-contextual level is aimed to supply information about provenance of assertions. This can be provided by using two object properties from the PROV-O ontology, i.e., prov:wasAttributedTo -to specify the person that provides a particular OWL characterization of a role held by someone -and prov:hadPrimarySource, -that allows to indicate the source from which the ontological description has been derived.
The crucial importance of studying the problem of different interpretations expressed by different editors in relation to the same source is the fundament for the subsequent implementation of the HiCo ontology.
EXTRACTING INFORMATION FROM FULL-TEXT DOCUMENTS
When formalizing any sort of assertions that can be questionable, we are stating something about an object, i.e. extracting something from its content. Each assertion is a subjective authors' "reading" which involves a specific layer of the source wherefrom the reading is derived, i.e. the text, or better the expression of the source of interest. This compels a multilayers representation of the text that is necessary for clearly defining an interpretative process as meta-contextual level for provenance of assertion. It's important to have in mind that a text is a multi-faceted object that has to be treated at different levels of analysis.
HiCo ontology, importing FRBR model, attempts to solve part of this issue, and considers other and more specific questions related to the interpretative process. So, HiCo starts from the first formalization of provenance statements in PRoles and extends the analysis of required entities involved in the interpretative process, defining a more detailed workflow.
The layers of a text in FRBR model
As we said, a subjective reading of a text, i.e. an interpretation, compels the level of expression of a text as the starting point of a process. Furthermore, "producing" a subjective statement from such reading means a new expression of the object of interest that has been created: precisely, it's an expression of a new work describing the first, which has as subject the expression (or sometimes the manifestation) of the work of interest.
Consider a literary text as the object of interest, i.e. a work: the text of the work, i.e. the expression of that work, is the subject of a scholarly edition, i.e. another work; in the text of the new work, i.e. in its expression, assumptions are made by an author/editor. Typically, this happens when an author/editor is going to create a philological edition or an historical essay talking about a source. E.g. the digital edition of Vespasiano da Bisticci's first letter, embodied in an XML/TEI document, is a -second -cultural heritage object dealing with the original one, i.e. Vespasiano's handwritten letter. Here an author/editor can state his/her ideas and assumptions maintaining a direct relation with its subject of interest.
This situation could be represented as follow (where 'vdb' is again the author of the original letter and 'ft' the sigla of the editor's interpretation):
:vdb-work-lett-1 a frbr:Work . :vdb a foaf:Person ; frbr:creatorOf :vdb-work-lett-1 . :vdb-expr-lett-1 a frbr:Expression ; frbr:realizationOf :vdb-work-lett-1 .
:ft-work-lett-1 a frbr:Work ; frbr:subject :vdb-expr-lett-1 . :ft a foaf:Person ; frbr:creatorOf :ft-work-lett-1 . :ft-expr-lett-1 a frbr:Expression; frbr:realizationOf :ft-work-lett-1 .
In other cases, e.g. when dealing with palaeographic studies describing specific issues related to graphemes, abbreviations or the support of the text, the subject of the new work -where interpretations lie -will be the embodiment of the original literary work, i.e. the manifestation of the work, or the singular exemplar of the text, i.e. the item, instead of the expression level of the original text.
So, the action of representing any sort of information extracted from the content of a text by making assumptions on it is a first step for the accuracy/completeness of the full scenario. Different and inter-related entities are involved in this scenario, as part of the process for representing extracted information as RDF statements. These entities are: This formalization implies that, in the new work, the provenance of interpretations overlaps the authorship of the work in which they are defined, and this ensures a better formalization of assertions: in fact, a correct formalization of the issue prevents contradictory statements about the same subject without a right provenance assertion. An interpretation cannot be just directly related to its subject of interest as a fact ("the document states that"), but requires a new entity -physical or not -where the phase of conceptualization (deduction, assumption, transcription etc.) takes place -the new work -, where the creation of the interpretation happens -the expression of the new work -and where the authorship of interpretation is clearly defined. Then, the formalization and embodiment of the interpretation -an interpretation act -can correctly be formalized in order to represent something that can change over time or can be questionable.
E.g. the above seen role of Donato Acciaiuoli cannot be directly related to the entity representing the original first letter of the collection because it is an assumption made by the editor of the letter in its edition.
In fact, representing such complex entities as a process, and not just through a single assertion, the formalization enables other possible relations:
• among interpretations (diachronic versioning of an interpretation and synchronous citations between interpretations);
• between authors (disputes about a theme or else);
• between interpretations and authors/cultural objects (criteria for defining authority of interpretations).
An interpretation-driven approach
Considering an interpretation as a result of a process, strictly bounded to the expression of a work with a defined authorship. This approach leads interpretation itself to be considered as a fact in a restricted context, i.e. the expression of the work wherefrom it is derived. This interpretation has been chosen by the editor, and in that expression of that work no other contradictory assertions can be stated by her/him. If interpretations are instead directly related to their subject of interest and no authorship is stated, these are represented as facts too, but without the possibility to formalize other assertions about them and then enhance their description.
HiCo ontology enables such description of interpretative process through a fundamental Class, hico:InterpretationAct, related to the expression wherefrom it has been extracted through the specific object property hico:isExtractedFrom, a subproperty of PROV-O prov:wasInfluencedBy.
E.g. An interpretation made by an editor in his/her transcription of the first letter of Vespasiano da Bisticci's letter is an interpretation act extracted from the expression of his/her transcription:
intact-1-ft-transc-lett-1 a hico:InterpretationAct ; hico:isExtractedFrom :ft-expr-lett-1 .
:ft-expr-lett-1 a frbr:Expression; frbr:realizationOf :ft-work-lett-1 .
Once this abstract phase of an interpretation act has been represented, the embodiment of information, that born out of the conceptualization as RDF triple, can be expressed through another object property, prov:wasGeneratedBy, which relates individuals of the class hico:InterpretationAct with any entity, representing exhaustively the information extracted by the author from the text of interest. For this purpose HiCO imports PRO and NaryParticipation pattern as comprehensive models for description of information extracted from the content of the text.
Furthermore, HiCo extends the analysis started in PRoles about a correct formalization of agents involved in the interpretative process. Indeed, here a distinction has to be made when talking about the author of interpretations and the author of its RDF transformation. Every individuals of hico:InterpretationAct has to be related with the agent who materially transforms an assertion (interpretation) in a RDF statement, not the author of the conceptualization of the interpretation (who is already represented as the author of the work where interpretations lie). This one shall be the same person, but could be a software or another human agent who materially creates RDF statements instead of the author of the work. To fix this issue, another PROV-O object property has been reused, prov:wasAssociatedWith, which relates a specific interpretation act with the creator of RDF statements.
To continue previous examples, we can assert that another agent, different from the editor of Vespasiano da Bisticci's letters edition, is the author of RDF transformation of the already considered interpretation extracted ('intact') from the first letter of the collection:
intact-1-ft-transc-lett-1 a hico:InterpretationAct ; (...) prov-o:wasAssociatedWith :md . :da-sender-l-1-28-9-1446 prov-o:wasGeneratedBy :intact-1-ft-transc-lett-1 .
ENHANCEMENT OF DESCRIPTION OF CULTURAL HERITAGE OBJECTS
Representing formally a workflow for extracting information from full-text sources is very useful when information we need to reach have to be contextualized with its authorship attribution. Indeed, any assertion gains validity when it is considered authoritatively based on proofs. For example, a final user of a scholarly edition interested in content information of full-text more than information related to the text itself (e.g. an historian), when reaching such information needs additional elements in order to clearly understand decisions of the editor. He/she may need to know how many other editors agree with that particular assertion, or wherefrom the editor has extracted it.
Consider the first example about the letter send by Donato Acciaiuoli to Vespasiano da Bisticci: Donato's role has been extracted by the editor from its own transcription of the letter, but when he/she represents it as a fact, i.e. an historical interpretation extracted from that precise text, he/she also has to consider as proof other similar editors' interpretations, i.e. the scholarship, and to declare the source wherefrom it belongs as an authoritative one.
In order to represent formally these contextual information, CiTO ontology has been reused for describing relations among interpretations and their authors, and between interpretation and sources. As we said, agreement with scholarship is considered a shared criterion to state authoritative assertions. Here, we assume as example, without claim of completeness, a common methodology used in scholarly editions:
• to consider agreement with scholarship as a basic principle for stating an interpretation can be assumed as authoritative; • to consider an authoritative source as fundamental required element for extracting/asserting any sort of interpretation; • to consider a historical interpretation as based on a philological one in order to state wherefrom it derives.
The aim is to demonstrate how authoritative interpretations can be stated as deduced information, inferred from the network of the aforementioned relations. To reach this goal, a simple SWRL (Semantic Web Rule Language) rule [18] has been used to formalize requirements an historical authoritative interpretation must satisfy in a philological critical edition in order to extract information from full-text of the source.
This requires that more information have to be formalized in RDF representation phase: an interpretation act has to be qualified with statements about its typology (e.g. philological, historical, linguistic) and the criteria used to describe the content in order to add information (e.g. diplomatic methodology So, asking for an historical authoritative interpretation in philological editions, a network of relations can be found around it as evidence of its validity -more an interpretation is related to other ones and probably more it gains authority -and an inferred "criterion" attribution to the historical interpretation (the individual hico:authoritatively-based as value of the hico:hasInterpretationCriterion object property) makes it clear. That does not entails this one is surely a true assertion, i.e. a fact, but -in a dialectical approach -restrictions on so qualified interpretations limit the scope and help researchers to slim down interpretations when querying data.
OPEN QUESTIONS AND FUTURE WORKS
Proles provides a first analysis of issues related to information extracted from full-text sources. It reuses pre-existing models describing a restricted sphere of information that can be extracted (roles, relations and events in which agents are involved), as a starting point for reflecting on provenance statements required in any well-formalized domain related to encoded texts.
HiCo provides a complete scenario for describing the interpretative workflow when dealing with texts that are strictly related to their context and wherefrom useful information can be extracted in order to define the context itself. As shareable approach, it reuses some well-known ontologies in order to assure semantic interoperability in a Linked Data perspective and its aim is to create a broad network of assertions about cultural objects.
Trying to model the domain in the best way, without redundancies, unnecessary formalizations and too much effort in the markup phase of texts (Guidelines for the users are in preparation), the purpose is to provide further connections among interpretations, ensuring their qualification and a correct provenance assertion as fundamentals steps for re-use such information in a wide environment, also allowing more definedand shareable -inferences about them.
Defining a rule, both in abstract and formally, to pinpoint an authoritative interpretation is not, obviously, the only way to state such features of interpretative workflow. Any community can create on-the-fly rules for identifying authoritative assertions just querying data, by restricting requirements in the network of relations around an interpretation. Indeed, valid rules in a specific community could be unsuitable in other ones, or unnecessarily restrictive in some situations.
Then a future step will probably be to reflect on how to enable more inferences, in order to establish authoritative interpretations with shareable criteria for other communities than TEI community and providing thereby different use cases -taking into account that logical inference cannot faithfully reproduce human's dialectical approach when choosing an assertion rather than another one, but can help in judgment through iterative qualification of interpretations.
